INTRODUCTION
The radionuclide transfer factors for the plant, meat, milk, and aquatic food pathways used in the current version of the RESRAD computer code (Gilbert et al. 1989 ) are derived primarily from a handbook compiled by Ng et al. (1968) . These factors are being updated at Argonne National Laboratory as part of the ongoing RESRAD development and revision effort. In Section 2 of this report, values of transfer factors used in the literature are compiled and compared with default values used in the current version of RESRAD. In Section 3, on the basis of these comparisons, new default values are suggested for future application of RESRAD.
;
' t ! 2 2 DATA COMPILATIO~ AND COIW> ARISON Data from several published radiological assessment reports, listed in Table 1 , are used as the sources for the transfer factors compiled in this report. The vegetable/soil, beef/feed, milk/feed, and aquatic food bioaccumulation transfer factors are compiled and compared in the following subsections .
.
VEGETABLFJSOU.. TRANSFER FACTORS FOR ROOT UPTAKE
Comparison of vegetable/soil transfer factors for root uptake used in RESRAD with those used in other published radiological assessment models can be difficult because the parameters are generally reported in one of two different formats. In RESRAD (Gilbert et al. 1989 ), the food transfer coefficient for plants is expressed as the ratio: pCi per gram plant (wet}/pCi per gram soil (dry}. In other published radiological assessment reports, the plant/soil concentration ratios have been reported on the basis of either the fresh (wet) weight or the dry weight of the vegetation. Dry-to-wet weight conversion factors must be estimated to make comparison possible. An overall average value of 0.428 for this parameter has been estimated by Baes et al. (1984) by the following processes: (1) calculation of the dry-to-wet weight conve~ion factors for exposed produce, protected produce, and grains on the basis of relative importance of various nonleafy vegetables in the United States; and (2) calculation of the average dry-to-wet conversion factor by weigh:irig these calculated values by the relative importance (based on production in kilograms) of each vegetable category in the United States. Baes et aL (1984) caution, however, that unnecessS!Y uncertainty might be introduced into the estimated parameter, and thus the adoption of dry-weight concentration ratios is preferred so as to reduce additional imprecision in parameter estimates.
A similar recommendation has been made by the IAEA (1982) . For vegetation consumed by animals, expressing the vegetation biomass on a dry-weight basis is preferred so as to reduce both the large variability associated with the moisture content of fresh vegetation and the difficulties in accurately detennining the fresh weight. In addition, animal consumption rates are most frequently reported on a dry-weight basis. On the other hand, for vegetation consumed by humans, it is more convenient to refer to the harvest yield or standing crop biomass on· a fresh-weight basis because human consumption is most frequently reported in fresh weight. To aid in converting between the two bases of measurement, representative dry-to-wet weight ratios for food crops and forage plants that · have been presented by Baes et al. (1984) and ~C (1983) are summarized in Table 2 .
The vegetable/soil transfer factor of a radionuclide varies in a complex manner with soil properties and the geochemical properties of the radionuclide in soil. After entering the transpiration stream, radionuclides may not be uniformly distributed within a plant, but instead tend to concentrate in certain organs (Grogan 1985) . Many studies have shown that ,, · ..
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~· 4W COW W UAUUO 0 · . . . . ----- Ng et al. (1982a) (NUREG/CR-2975) Baes et al. (1984) IAEA (1982) Transfer Factor Vegetable/soil, beeti'feed, and milk/feed transfer factors Aquatic bioaccumulation factor Vegetable/soil transfer factor Beeti'feed transfer factor Milk/feed transfer factor Milk/feed transfer factor Beeti'feed transfer factor Aquatic bioaccumulation factor . Vegetable/soil transfer factor Vegetable/soil transfer factor-~ ---·---.::·.-.. ... the vegetable/soil transfer factor also varies with crop type and variety, stage of growth, and plant part, as well as with subsoil characteristics and agriculture practices (Baes et al. 1984; IAEA 1993; Ng et al. 1982a) . Comprehensive data on transfer factors in different crops grown on various soils are available in the literature for relatively few radionuclides. Data for radionuclides for which little or no experimental information emts have been customarily estimated on the basis of the assumption that chemically similar elements act similarly in the soil-plant environment (Baes et al. 1984) . Relationships between transfer factors for an element and those for other elements of the same or adjacent periods or groups were established and examined for possible trends. Such trends were extrapolated to the element in question. 
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Values of vegetable/soil transfer factors-for root uptake compiled from published radiological assessment models are.listed in Table 4 for the food classes defined in Table 3 . 
k=2 Leafy vegetables for human Baes et al. (1984) ; IAEA (1993); Kennedy and consumption Strenge (1992) ; Napier et al. (1988); Ng et al. (198~a) k=3 Forage plants for pasture IAEA (1982 IAEA ( , 1993 ; NCRP (1991); Ng et ai vegetation and other animal (1982a) feeds . (1982) . " Data not listed. . .
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• Values are calculated as the geometric means or data preaented in original document.
b Data not listed.
The data are intended to reflect only uptake ofradionuclides from plant roots and to exclude the effects of deposition of radionuclides on plant surfaces following resuspensio.n from soil.
Comparison of these data is subjective, depending on the number of references available for an element. When many references are available for an element, data comparison can be conducted with reasonable confidence to suggest an appropriate ':aJue for future use.
In comparing data, we do not consider a twofold or threefold difference between default values in published reports and those used in RESRAD to be significant. When the difference is greater than an order of magnitude, the values from more recent reports are recommended for use in RESRAD (Section 3). This procedure is based on the assumption that the more recent experimental work has been conducted under better-defined laboratory or field conditions. In addition, a new default value is suggested for RESRAD ,.,.-h~~ <:.~ n.e'.'' value, regardless of the magnitude of the difference, is used in several other report:: ~h~t are based on independent work.
BEEFIF'EED TRANSFER FACTORS
A bee:f7feed transfer factor represents the fraction of the daily intake of a radionuclide by beef cattle that is transferred to and remains in 1 kg of meat at equilibrium or at the time of slaughter. It is reported that this transfer factor is perhaps the least well documented in the literature because of the obvious practical difficulty -the need to sacrifice the meat-producing animals to collect the required experimental data (IAEA 1982) .
For many elements and/or radionuclides, the beef/feed transfer facto:':. is derived from other sources, such as stable element concentrations in feed and . animal tissues, extrapolations from single-dose tracer experiments, and comparison· of elemental concentrations in associated or unassociated meat, or milk, and feed (Ng et al. 1982b ). Some of the difficulties in deriving the beef/feed transfer factor include the following:
• _ 1'11£ need for equilibrium-With a few exceptions, the time required for a radionuclide to reach equilibrium in many animal products (e.g., beef) is so ·long that few expenments .can be conducted sufficiently long to approach equilibrium conditions (lAEA 1993). Hence, a transfer factor derived from comparatively short experiments will underestimate the equilibrium transfer factor.
• Effect of chemical and physical forms of diet and composition -The availability of a radionuclide for gut uptake differs markedly, depending on the chemical and physical forms of the radionuclide and on the constituents of the diet (Beresford et al. 1989; Howard et al. 1989; Johnson et al. 1968 Consequently, values for soil ingestion will be highly site specific .
• Influence of age -The intake of radionuclides by an animal is dependent on the animal's species, mass, age, _and growth rate, as well as on the digestibility of the feed. Young animals often have enhanced gut uptake and, hence, higher transfer coefficients than adults. Few available transfer coefficient data take these factot:S into account.
Published radiological assessments used for comparison ofbeet7feed transfer factors are Baes et al. (1984) , IAEA (1982 IAEA ( , 1993 , Kennedy and Strenge (1992) , Napier et al. (1988) , NCRP (1991), Ng et al. (1982b ), and NRC (1977 , 1983 . Table 5 lists default values of beefi'feed transfer factors compiled from these sources. The same criteria used to compare plant uptake transfer factors were applied.
MILKJFEED TRANSFER FACTORS
A milk/feed transfer factor for milk cows is expressed as the fraction of the daily elemental intake in feed that is transferred to a kilogram of milk. Ng et al. (1977) ~port that radionuclide concentrations in anima) food products depend on the relationship between intake, turnover in animal tissue, and excretion. The biological availability of a radionuclide in feed for uptake by dairy cattle depends on the physical and chemical forms of that radionuclide. In addition, the secretion of isotopes in mi1k is influenced by many factors _·_besides physic3.I ·and chemical states. For example, breed of dairy cow, age, nutritional status, stage· of lactation, and feed and management practices are some of the important parameters tb3t must be considered..
·· .
Reports reviewed for compilation and comparison of milk/feed transfer factors are Baes et al. (1984) , IAEA (1982 IAEA ( , 1993 , Kennedy and Strenge (1992) , Napier et al. (1988) , NCRP (1991 ), and NRC (1977 , 1983 . The milk/feed transfer factors from these sources are compiled in Table 6 . The criteria used for comparing the plant uptake transfer factors were · _ applied.
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AQUATIC BIOACCUMULATION FACTORS
A bioaccumulation factor is used to calculate the transfer of a radionuclide from contaminated water through various trophic levels of aquatic foodstuffs consumed by humans. The factor is normally expressed as the ratio of radioactivity in animal tissue to that in water at equilibrium conditions (Bqlkg wet or dry weight organism per Bq/kg or L water).
The physicochemical form ofthe radionuclide is generally more important in aquatic ecosystems than in terrestrial ecosystems. In terrestrial ecosystems, most of the food products are produced in situations where most of the factors can be controlled. In aquatic ,.
i ;;I··· 'ii~·!l,l.~jlni5DIIi!::li~l~~'ll~1 ~~~'··: The physiological status of fish also plays an important role in their uptake of radionuclides. Young, rapidly growing fish may accumulate higher levels of biologically active radionuclides than fish in a stationary growth period. The osmoregulatory problem faced by freshwater fish and marine fish also determines the difference in the route of radionuclide uptake (Poston and Klopfer 1986). In seawater, the salt concentration is high, and marine fish drink large amounts of water and expend considerable energy to excrete salt against a concentration gradient. In freshwater, fish retain salt and excrete a large amount of water. Therefore, radionuclides found in the water column, either~ dissolved species or sorbed to particulate matter, are more prone to gastrointestinal (GI) absorption in marine species than in freshwater species (Poston and Klopfer 1986). . · In the literature, bioaccumulation factors are derived by a number of methods, and the reported values vary widely. Historically, radioactivity in animal tissue is estimated on the basis of ash weight, dry weight, wet weight, whole body burdens, and/or muscle tissue. Radioactivity in water is estimated on the basis of filtered or unfiltered water. Wet weight to dry weight and dry weight to ash weight ratios can vary as a function of the age, size, and species of fish. To make comparisons possible, Poston and Klopfer (1986) listed the values summarized by Vmogradov (1953) for conversion as follows: ash weights ranged from 0.11 to 6.82% , with most in the range of 1-2%; water content ranged from 52.78 to 89.94%; and dry weights ranged from 20 to 40%. For radionuclides that partition into soluble and particulate phases, the degree of partitioning must be considered. A high transfer factor will be obtained if the radioactivity ofthe soluble (filtrate) fraction is measured. For instance, if 1% of a radionuclide is present as a soluble species, and the rest is in the solid phase, the transfer factor for a filtered water sample would be estimated to be 100 times greater than the factor for an unfiltered water sample (Poston and Klopfer 1986).
Published radiological assessments used for comparison ofbioaccumulation transfer through the freshwater pathway are IAEA (1982, 1993) , Kennedy and Strenge (1992) , NCRP (1991) , NRC (1977, 1983) , and Thompson et al. (1972) . Values for freshwater fish compiled from these reports are listed in Table 7 . Aquatic bioaccumulation factors for crustacea and mollusks in freshwater, presented in NRC (1983) , are listed in Table 8 . The criteria used for comparing plant uptake transfer factors were applied.
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SUGGESTIONS FOR FUTURE WORK
The aquatic bioaccumulation factors used in RESRAD for pathways involving crustacea and mollusks in freshwater are listed in Table D .5 of Gilbert et al. (1989) and are compiled with data reported from NRC (1983) in T~ble _8. As indicat~ by the IAEA (1982, 1993) , freshwater mollusks and crustacea are minor components of the human food chain. Default values for bioaccumulation factors for freshwater mollusks and crustacea are lacking in most radiological reports reviewed. To provide an overview of possible values of transfer factors for these species, bioaccumulation factors for mollusks and crustacea in marine are listed in Table 14 Mli" . (1982a) , IAEA.(1982) ; NCRP (1991); Ng .. et al. (1982a) ; NRC (1977) iil: ,,,~ . . Napier et al. (1988) ; NCRP (1991) . NCRP (1991) : NCRP (1991) IAEA (1982) Baes et al. (1984) ; Kennedy and Strenge (1992) ; Napier et al. (1988) (1982, 1993) .',j . Kennedy and Strenge (1992) Baas et al. (1984) ; Kennedy and Strange (1992) ; Napier et al. (1988) ; NCRP (1991) ·i Baes et al. (1984) ; Kennedy and Strenge (t992) ; Napier et al. (1988) ; NCRP (t991) NCRP (1991} lAEA (1982 ; NCRP (1991) · 'Baas et al. (1984) ; IAEA (1982); Kennedy and Strenge (t992); Napier . :et al. (1988) ; NRC (1983) Baes et al. (1984) ; IAEA (1993); Kennedy and Strenge (1992) t Napier et al. (t988) ; NCRP (1991) .~ NCRP (1991) ' Baes et al. (1984) ; IAEA (1982) ; Kennedy and Strange (1992) ; Napier ;
. ' et al. (1988) ; NRC (1983) . Baes et al. (1984) ; IAEA (1982) ; Kennedy and Strange (1992) ; NCRP . (1991); NRC (1983) . · Baas et al. (t984) ; IAEA (t982); Kennedy and Strange (1992) ; NCRP (199t); NRC (1983) Baes et al. (1984) ; IAEA (1982); Kennedy and Strenge (1992) ; Napier · et al. (1988) ; NRC (1983) Baes et al. (1984); '1AEA (1982 '1AEA ( , 1993 ; Kennedy and Strenge (1992}; : . NRC (1983) : · · lAEA (1993) ; NCRP (1991) NCRP (1991) NCRP (1991) Kennedy and Strenge (1992) ; Napier et al. (1988) ~ ~~~-~~. ~· ... , .
l: Kennedy and Strenre (1992) ; NCRP (1991 ( ) IAEA (1982 ( , 1998 ; NCRP (1991 ( ) IAEA (1982 ( , 1993 ; NCRP (1991) ; Thompson et al. (1972 ) IAEA (1993 ; NCRP (1991) IAEA (1998); NCRP (1991 ( ) IAEA (1982 ( , 1998 ; NCRP (1991) IAEA (1~8~, 1993); NCRP (1991) Kennedy and Strenge (1992) ; NCRP (1991) a Change = (suggested value -default value)l(default v~lue). (1982) IAEA ( ) NRC (1983 IAEA (1982) IAEA (1985l NH<~ (1983 NCRP ( Element IAEA (1982) IAEA (1985) NRC (1983) IAEA (1982) IAEA (1985) NRC ( 
